Background {#Sec1}
==========

Opioid use disorder is a chronic relapsing disease defined by the loss or reduced control of the use of an opioid and expressed through persistent use despite the accumulation of negative consequences for health, social, financial, and family life \[[@CR1]\]. Though people who inject drugs (PWID) can choose to stop addiction treatment to have a drug-free lifestyle based on their shared decision making with physicians, opioid addiction should be treated as a chronic disease that cannot be cured and requires long-term management \[[@CR21]\].

PWID are often at high risk of contracting infectious diseases such as human immunodeficiency virus (HIV) and hepatitis C virus (HCV) \[[@CR14]\]. In Taipei during the years 2009--2011, the prevalence rate of HIV and HCV infection among PWID at methadone centers was 17.7% \[[@CR4]\] and 93% \[[@CR14]\] respectively. To stem HIV and HCV transmission, methadone maintenance treatment (MMT) has been found to be effective in reducing needle sharing, frequency of injection, incidence of HIV infection, and reduction of criminal acts \[[@CR6], [@CR28], [@CR32]\].

In efforts to improve MMT engagement and retention rates for HIV-positive individuals with opioid use disorder, a number of investigators have recommended the integration of MMT and antiretroviral therapy (ART) \[[@CR12], [@CR35]\]. Palepu et al. \[[@CR24]\] showed that integrating ART and MMT resulted in better ART adherence rates, and Barker et al. \[[@CR2]\] found that MMT was independently associated with optimal adherence to ART. These studies did not find negative impacts, such as ART discontinuation, by integrating it with MMT; instead, they reported a significant enhancement in plasma HIV RNA suppression among HIV-positive opioid-dependent drug users \[[@CR2]\]. A recent study was conducted with men taking ART in Vietnam to compare those who also received MMT and those who did not. The results showed that the ART adherence rate was higher for men who received MMT. The authors pointed out that integrating MMT and ART was highly beneficial for improving adherence and reducing viral load and costs \[[@CR25]\].

Recent research suggests that the retention rate in MMT is quite variable. Based upon a systematic review of 27 studies, MMT retention rates in China, which has the largest single network of programs globally, were found to be 89.4% (95% CI, 85.6--92.3%), 69.0% (57.7--78.4%), 62.9% (55.3--69.9%), 55.2% (48.5--61.7%) and 43.0% (34.7--51.7%) at 1, 3, 6, 12, and 24 months after admission, respectively \[[@CR37]\]. Due to alcohol addiction and drug supplies in clubs, a poor adherence rate was reported in Guangzhou, China, where 21.0% of participants had dropped out of treatment and 27.7% revealed poor adherence during a period of 1 year \[[@CR16]\]. With good promotion and awareness about MMT programs, adherence rates in South Asian countries, particularly Nepal, significantly improved, and 72.1% of participants were found to have high adherence to MMT, while only 9.1% had low adherence when observed for 1 month \[[@CR29]\].

It is now well established that receiving an appropriate daily dose of methadone is critical to controlling withdrawal symptoms and reducing craving. In a randomized clinical trial, prescription of higher dosages minimized continued opioid use, and findings suggested that the minimum effective dose is around 60 mg/day \[[@CR18]\]. Strain et al. \[[@CR31]\] found that higher methadone doses were more effective than lower doses for patients with severe heroin use disorder.

Given the chronic nature of opioid use disorder, following treatment entry, both retention and adherence are necessary to optimize the impact of MMT on HIV prevention and care. PWID are prescribed methadone every day with adequate doses because the duration of drug effect on withdraw prevention extends for 24 h. Therefore, adherence to adequate dosages is critical because PWID who miss even a single daily dose will suffer withdrawal syndrome and are very likely to inject heroin (or other opioids) for symptom relief. Much research has focused on issues of retention in treatment, and it shows that the longer the duration of MMT, the better the outcome \[[@CR6], [@CR28], [@CR32]\]. However, in comparison, limited attention has been focused on MMT adherence. The current study aimed to examine factors associated with adherence to MMT among HIV-positive patients who injected drugs (HIVPWID) at 90, 180, and 365 days after enrollment in MMT in Taiwan. It was hypothesized that higher daily methadone doses and treatment accessibility would be associated with better MMT adherence in HIV-positive PWID.

Methods {#Sec2}
=======

Ethics statement {#Sec3}
----------------

This study protocol was reviewed and approved by the Research Ethics Committee at National Chang Hua Normal University (no. NCUEREC-103-013). All analyses utilized a de-identified national data set. Individual level consent was not possible nor was it determined not to be necessary by the Ethics Committee.

Design and data selection {#Sec4}
-------------------------

This is a retrospective study using data from the National Health Surveillance System on HIV voluntary counseling and testing and the National Drug Treatment System on MMT from 2007 to 2012. Information available and utilized included age, sex, education, marital status, employment, MMT location, daily methadone dosage, and date of HIV infection if known. Data were obtained for 1641 HIVPWIDs for whom we were able to match methadone treatment records in the National Drug Treatment System. This resulted in 574,024 data points after removing duplicate and missing records. Information regarding the patients' antiretroviral therapy treatment was not available.

Outcome variables {#Sec5}
-----------------

Adherence was the main dependent variable in this study. Previous research has classified greater than 90% adherence as "high", 51--90% adherence as "moderate", and less than or equal to 50% as \"low \[[@CR38]\]. In this study, patients' adherence to MMT was determined at three time points (90 days, 180 days, and 365 days after treatment onset) based on daily attendance. For example, a patient taking methadone for 82 of 90 days was categorized as having high adherence (82/90 = 91%). MMT adherence was defined as attendance days divided by total days across the times. $$\documentclass[12pt]{minimal}
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Independent variables {#Sec6}
---------------------

Demographic variables were age, sex, education, marital status, and employment. The three independent variables included in this analysis were methadone dose, location of MMT program, and duration of HIV infection. Previous studies have demonstrated that a methadone dose of ≥60 mg is most effective in achieving positive MMT outcomes \[[@CR5], [@CR30], [@CR31], [@CR38]\]. To allow for examination of the impact of differences in methadone dosage, we divided the HIVPWID into two groups. The first group received less than 60 mg per day and the second group received 60 mg or more per day.

We measured the differences in MMT administration and programming for urban vs. rural areas \[[@CR13]\]. The geographic locations included were Taipei metro area, Kaohsiung metro area, and Taiwan County. There are 7.07, 3.91, and 2.64 MMT clinics per 10,000 km^2^ in Taipei, Kaohsiung, and Taiwan County respectively.

It is well established that HIV infection is associated with a range of psychopathologies due to the receipt of an HIV positive diagnosis when assessed at 180 days of follow-up evaluation \[[@CR3], [@CR23]\]. To examine the impact of the known duration of HIV infection, we divided the patients into three groups. The first group was diagnosed HIV-positive more than 180 days before attending MMT, the second group was diagnosed HIV-positive less than 180 days before attending MMT, and the third group was diagnosed HIV-positive only after attending MMT.

Analysis {#Sec7}
--------

Descriptive analyses were performed using ANOVA for continuous variables and chi-square for categorical variables. Ordered logistic regression was used to examine the factors associated with MMT adherence, because adherence was categorized into 3 groups. Time varying analysis was not performed because one of the proposed hypotheses was to examine if a 60 mg methadone dose was associated with adherence. One of the assumptions underlying ordered logistic regression is that the relationship between each pair of outcome groups is the same. The results of an approximate likelihood-ratio test and a Brant test indicated that the proportional odds assumption was not violated. Analyses were conducted using SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA) and STATA 14.2. The significance criterion was set at 0.05.

Results {#Sec8}
=======

Of 1641 HIVPWID during 2007 to 2012 identified in Taiwan, 961 (58.56%) attended MMT. Patient characteristics stratified by MMT adherence over 90 days, 180 days, and 365 days are presented in Table [1](#Tab1){ref-type="table"}. For HIVPWID evaluated at 90 days (*n* = 951, 98.9%), 271 (28.5%), 382 (40.2%), and 298 (31.3%) were classified as having high, moderate, and low adherence to MMT, respectively. For HIVPWID evaluated at 180 days (*n* = 936; 97%), 189 (20.2%), 350 (37.4%), and 397 (42.4%) were categorized as high, moderate, and low adherence to MMT, respectively. For HIVPWID evaluated at 365 days (*n* = 919; 95.7%), 132 (14.4%), 271 (29.5%), and 516 (56.1%) were categorized as high, moderate, and low adherence to MMT, respectively. Table 1Characteristics of HIV-positive (HIV+) PWIDs stratified by 90, 180, and 365 days of MMT adherence*CharacteristicsBaseline*^*a*^\
*n = 961*90 days (*n* = 951; 98.9%)*p*^*b*^180 days (*n* = 936; 97.4%)*p*^*b*^365 days (*n* = 919; 95.6%)*p*^*b*^*Low*\
*n = 298Moderate*\
*n = 382High*\
*n = 271Low*\
*n = 397Moderate*\
*n = 350High*\
*n = 189Low*\
*n = 516Moderate*\
*n = 271High*\
*n = 132*Age, mean (sd)37.40 (8.34)36.60 (7.72)37.09 (8.39)38.76 (8.75).005^c^36.66 (7.96)37.35 (8.13)38.97 (9.10).007^d^36.78 (7.89)37.37 (8.45)39.42 (9.25).005^e^Gender, n(%).098.663.663 Female13753 (39)49 (36)33 (24)59 (44)51 (38)23 (17)74 (56)42 (32)16 (12) Male824245 (30)333 (41)238 (29)338 (42)299 (37)166 (21)442 (56)229 (29)116 (15)Education level, n(%).012.003.034  \< 9 years679230 (34)264 (39)180 (27)304 (46)236 (36)122 (19)376 (58)193 (30)81 (13)  \> =9 years28268 (25)118 (43)91 (33)93 (34)114 (42)67 (25)140 (52)78 (29)51 (19)Marital status, n(%).524.091.041 Married11135 (32)46 (42)28 (26)44 (41)37 (35)26 (24)50 (47)33 (31)23 (22) Married but separated6121 (34)27 (44)13 (21)33 (55)19 (32)8 (13)38 (64)16 (27)5 (9) Single510167 (33)196 (39)143 (28)215 (43)194 (39)88 (18)290 (60)133 (27)62 (13) Divorced27975 (27)113 (41)87 (32)105 (39)100 (37)67 (25)138 (51)89 (33)42 (16)Employment status, n(%).006.004.013 Not employed568194 (35)228 (41)141 (25)249 (45)214 (39)92 (17)324 (60)155 (29)65 (12) Employed393104 (27)154 (40)130 (34)148 (39)136 (36)97 (26)192 (51)116 (31)67 (18)Case management city, n(%)\<.001\<.001\<.001 Taipei metro area31571 (23)134 (43)109 (35)100 (33)120 (39)88 (29)139 (46)96 (32)68 (22) Kaohsiung metro area330108 (33)123 (38)95 (29)145 (45)120 (37)56 (17)188 (60)97 (31)28 (9) Taiwan County316119 (38)125 (40)67 (22)152 (50)110 (36)45 (15)189 (62)78 (26)36 (12)MMT mean dosage, n(%)\<.001\<.001\<.001  \< 60 mg512274 (35)302 (39)198 (26)346 (47)263 (36)132 (18)421 (60)197 (28)90 (13)  \> =60 mg10724 (14)80 (45)73 (41)51 (26)87 (45)57 (29)95 (45)74 (35)42 (20)HIV+ diagnosed & in MMT, n(%).073.042.002 HIV+ before MMT \> = 180 days437126 (27)195 (42)141 (31)169 (37)183 (41)100 (22)218 (50)129 (34)69 (16) HIV+ before MMT \< 180 days17556 (32)71 (40)50 (28)81 (46)58 (33)36 (21)112 (64)36 (21)27 (15) HIV+ after MMT312/309/307116 (37)116 (37)80 (26)147 (48)109 (35)53 (17)186 (61)85 (28)36 (12)^a^Baseline MMT mean dosage calculated from the first 30 days^b^*p* value for difference between low, moderate, and high groups^c^Post hoc comparison: high \> low, moderate \> low by Dunnett's T3 method^d^Post hoc comparison: high \> low by Dunnett's T3 method^e^Post hoc comparison: high \> low by Dunnett's T3 method

The ANOVA/chi-square analyses examining participant characteristics associated with adherence at 90, 180, and 365 days are reported in Table [1](#Tab1){ref-type="table"}. Participants with high adherence were older (mean = 38.76 years, *p* \< .01) and more likely to have more than 9 years of education (*p* \< .05). Gender was not significantly associated with retention at any of the time points. Higher rates of adherence were observed among those who were married, but this relationship was significant (*p* \< .05) only at the 365-day assessment.

Employment was significantly (*p* \< .05) associated with adherence at each time point. Regional differences were significant at each time point. Those patients receiving treatment in Taipei were more likely (*p* \< .001) to be in the high adherence group for each time interval. HIVPWID with mean daily methadone dosages of ≥60 mg/day were significantly (*p* \< .001) more likely to be in the high adherence group at each assessment point. Adherence was higher at 180 and 365 days for those patients who were informed of their HIV status 180 days before entering MMT.

The results of the ordered logistic regression analyses are presented in Table [2](#Tab2){ref-type="table"}. Both the Brant Test of Parallel Regression Assumption and the approximate likelihood ratio chi-square test indicate that the proportional odds assumption was not violated. Table [2](#Tab2){ref-type="table"} shows age (older), education (≥9 years), marital status (married) and employment are protective factors for MMT adherence. Table 2Ordered logistic regression on adherence for 90, 180, and 365 days of MMT^a^90 days ^b^180 days ^c^365 days ^d^*CharacteristicsOR95% CIOR95% CIOR95% CI*Age1.02\*\*1.011.041.02\*\*1.011.041.02\*\*1.011.04Gender Female (RC)1.001.001.00 Male1.410.972.061.200.821.741.110.751.64Education level  \< 9 years (RC)1.001.001.00  \> =9 years1.51\*\*1.151.971.65\*\*\*1.262.161.44\*1.091.92Marital status Married (RC)1.001.001.00 Married but separated0.730.401.310.48\*0.260.890.38\*\*0.200.74 Single0.930.621.400.770.511.170.55\*\*0.360.84 Divorced1.270.841.931.100.711.680.760.491.18Employment status Not employed (RC)1.001.001.00 Employed1.36\*1.061.751.240.961.601.280.981.68Case management area Taipei metro area (RC)1.001.001.00 Kaohsiung metro area0.760.561.020.61\*\*0.450.830.55\*\*\*0.400.75 Taiwan County0.59\*\*0.440.800.56\*\*\*0.410.770.57\*\*0.410.79MMT mean dosage  \< 60 mg (RC)1.001.001.00  \> =60 mg2.58\*\*\*1.893.522.18\*\*\*1.622.951.80\*\*\*1.332.43HIV+ diagnosed & in MMT date HIV+ before MMT \> = 180 days (RC)1.001.001.00 HIV+ before MMT \< 180 days0.820.591.140.70\*0.500.980.55\*\*0.380.79 HIV+ after MMT0.65\*\*0.500.860.61\*\*0.460.810.58\*\*\*0.430.78Notes: *OR* odds ratio, *CI* confidence interval, *RC* reference category^a^Adherence of 90 days, 180 days, and 365 days for MMT ordered by \> = 90%, 50--90, \< 50%^b,c,d^ Brant Tests of Parallel Regression Assumption were non-significant (*p* \> .05) and approximate likelihood-ratio test of odds across response categories were non-significant (*p* \> .05)\**p* \< 0.05; \*\**p* \< 0.01; \*\*\**p* \< 0.001

There were significant adherence differences between patients receiving services in the Taipei metro area and patients treated in other regions. Especially for those patients receiving services from the Taiwan county region, the odds of achieving high adherence were significantly lower at 90, 180 and 365 days (90 day odds ratio (OR)) = 0.59, 95% CI: 0.44--0.80; 180 day OR = 0.56, 95% CI: 0.41--0.77; 365 day OR = 0.57, 95% CI: 0.41--0.79). With regard to dosage, the model indicates that with mean dosages ≥60 mg, the odds of achieving high adherence were significantly increased (90 day OR = 2.58, 95% CI, 1.89--3.52, 180 day OR = 2.18, 95% CI: 1.62--2.95, and 365 day OR = 1.80, 95% CI: 1.33--2.43).

In examining the timing of HIV diagnosis, we found significantly lower rates of adherence at 180 and 365 days among those diagnosed less than 180 days before initiating MMT (180 day OR = 0.70, 95% CI: 0.50--0.98, and 365 day OR = 0.55, 95% CI: 0.38--0.79).

Discussion {#Sec9}
==========

This analysis is unique because it looks at the proportion of completed MMT medication visits. To our knowledge, this may be the largest study of its type studying HIV-positive patients. The analyses reported here document a very high rate of retention in MMT among PWID living with HIV in Taiwan. Over 90% of all who entered treatment continued in treatment for at least 1 year. One plausible explanation is that all PWID living with HIV were encouraged to attend MMT and ART with all expenses paid by the Taiwanese government.

While retention rates were high, the consistent completion of medication visits which indicate adherence, is perhaps a more important measure of treatment engagement and efficacy. The quantification of adherence to MMT represents a major contribution of these analyses and allows for a careful examination of factors that were associated with completion of medication administration visits. Our findings specify that 28.50, 20.30, and 14.47% patients were very highly adherent for 90 days, 180 days, and 365 days respectively. A similar trend was found in a study conducted in France by Roux et.al in 2014, in which adherence rates were recorded for 365-day periods \[[@CR27]\]. However, the adherence rates in our study revealed a substantial gap that could be improved, which could result in an increase in the number of medication visits by HIVPWID.

As hypothesized, adherence was strongly associated with methadone dosages of 60 mg per day or higher. Low-dose methadone (less than 60 mgs/day) has been shown to have limited effectiveness, whereas treatment with higher dosages is associated with improved treatment outcomes such as reductions in heroin use and increased retention rates \[[@CR20]\]. A study by Donny \[[@CR5]\] indicates that the frequency of heroin injections was inversely proportional to the methadone dosage. In this study, three different dosages (50, 100 and 150 mg) were selected for treatment and the results showed that the higher dosage resulted in better control of the subjective effects and effective cross-tolerance to heroin. However, with a low dose (50 mg), alternative monetary reinforcement was needed to control the heroin use, which was not the case with a high (150 mg) dose of methadone \[[@CR5]\]. Later, it was found that the appropriate methadone dosage to be highly adherent ranged from 80 to 150 mg \[[@CR8], [@CR10], [@CR22]\].

As hypothesized, and consistent with previous research, our data document a strong association between dosage and adherence. Marienfeld et al. \[[@CR17]\] and Shen et al. \[[@CR30]\] found that lower dosages of methadone were significantly associated with low or poor adherence. According to WHO guidelines, the minimum recommended dose of methadone is 60 mg/day, while a majority of patients require up to 120 mg/day \[[@CR36]\]. However, it has been found that in many Asian countries, the dosage is still below these standards, although there are limited data on the exact methadone dosage used during MMT \[[@CR26]\]. One study reported that in Malaysia, 40 mg/day is the minimum dose required to help prevent re-injection habits during MMT therapy, and the authors reported that achieving the best outcome with MMT required a minimum of 80 mg/day \[[@CR26]\]. However, only 5% of patients are receiving at least 40 mg/day in Malaysia and the average methadone dose is just 10--20 mg/day \[[@CR7]\]. Similarly, some clinics in Thailand (Bangkok) provide lower doses of methadone (\< 60 mg/day) to patients \[[@CR11]\]. It is reported that in Wuhan, China, most PWID are prescribed a methadone dose of more than 60 mg/day, but only 18% of patients are taking the recommended dose (≥ 60 mg/day) and the majority of patients are not receiving a high enough dose. In spite of the efficiency and success of methadone treatment, other issues are still present, such as homelessness, unemployment, lack of family or friend support, and other treatment complications \[[@CR17]\]. A matched study of Vietnamese patients highlights that the role of family support and having a mobile phone can play a significant supporting role in enhancing high adherence to MMT \[[@CR34]\].

This study's results show that the patients who were diagnosed with HIV 180 days before enrolling in MMT had better MMT adherence than those diagnosed more recently before initiating MMT. This finding is important because early suppression of the virus is important for both personal and public health. Most clinical guidelines recommend immediate initiation of ART to suppress the virus and prevent transmission. Learning of one's HIV diagnosis, like that of any life-threatening illness, can be traumatic. The Kübler-Ross Grief Cycle \[[@CR9]\] characterizes the progression of the emotional experience in response to HIV/AIDS as moving from denial to anger, depression, bargaining, and finally to acceptance. People who learn of their HIV diagnosis do not necessarily go through the stages in the same order or experience all of them, but they may go through a period of time adjusting themselves through denial, anger, and depression. During this period, HIVPWID may not actively engage in MMT and ART as they focus on their emotional distress and disturbance. Our findings may point to the fact that this period for HIVPWID lasts about 180 days. Second, HIV associated stigma is prevalent within the PWID population. This often causes PWID to avoid treatment in order not to be recognized as such in health care settings. In Taiwan, HIV testing and counseling must be confidential, but attending appointments at an HIV clinic may cause HIV-positive individuals to fear exposing their HIV status. The data from this study cannot explain why those with recent diagnoses were the most likely to have low MMT adherence. Future research is needed to understand what may influence this.

Our results found that MMT adherence is also associated with the location of the patient's MMT center \[[@CR33]\]. Patients served by programs within the Taipei metropolitan area were found to have better adherence than those receiving services from programs located in Kaohsiung and Taiwan County. People living in metropolitan Taipei have easier access to facilities because of more MMT clinics per square km, hospitals, and other resources. A matched study by Groh et al. reported similar results to ours with lower MMT adherence rates in rural areas than in urban areas or developed cities, which they attributed to lack of facilities, poor access to care, and poor education and health systems \[[@CR9]\]. An earlier study conducted in Taiwan among newly admitted MMT patients found that the distance between home and the MMT clinic was associated with duration of MMT treatment \[[@CR15]\]. In other related studies, adherence rates were found to be lower in Africa than Western countries. Studies of poor resource settings in Senegal and sub-Saharan Africa have led to the assumption that low adherence on the continent is caused by several Africa-specific factors, particularly the high cost of medicines and the lack of health infrastructure \[[@CR19]\].

Limitations {#Sec10}
-----------

Although this study has strength in utilizing national health data, it has limitations. ART status is an indicator of medical treatment engagement and thus has an impact on MMT treatment adherence. ART records are not included in the analysis, but must be considered because ART usage might influence MMT dosage due to potential drug interactions. The well-established relationship between MMT treatment adherence and ART success supports the critical importance of MMT adherence, yet without the linkage to data from ART programming, the impact of MMT cannot be confirmed. Lastly, we did not take patients' everyday dose utilized with time-varying model. Instead, the average dose for 90, 180 and 365 days was calculated to determine if a patient took more than 60 mg methadone in this study.

Conclusion {#Sec11}
==========

In our study we found that being older, better educated, and married; taking 60 mg or more of methadone per day; living in the Taipei metropolitan area; and learning of one's HIV status more than 180 days were associated with high MMT adherence among our sample. The findings on clinical dosing, geographic variability, and poor adherence to MMT shortly after diagnosis of HIV infection are critical. These findings highlight the need for scientific implementation to follow clinical guidelines, the need to improve the medical education of MMT providers, and the need for future research linking MMT to ART data.
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